TREATMENT OPTIONS
The selective endovascular treatment of wide-necked aneurysms now involves a combination of many options that includes the following: 1) new types of coils; 2) balloon remodeling; and 3) intracranial stents.
New Coil Types
Advanced coil technology has contributed greatly to improvements in securing these lesions. New coil designs, including three-dimensional shapes, soft coils, and ultrasoft coils, have also contributed to our improved ability to obliterate aneurysms. In addition, since the advent of bare platinum coils, new bioactive devices have now become available. The latter include Matrix detachable coils (Boston Scientific, Fremont, CA), which combine a pure platinum backbone with an added biodegradable copolymer, and hydrogel-coated coils (HydroCoils; MicroVention, Aliso Viejo, CA), which swell to three times their original size. Recurrence of lesions is still a major limitation of therapy with bare coils. Anecdotal practical experience has supported the theory that aneurysm recanalization and regrowth are more likely in large or giant lesions, when the aneurysm has a neck diameter larger than 4 mm, or the neck/fundus ratio is greater than or equal to 1:2. Bioabsorbable polymer-coated platinum coils and expanding coils may actually promote healing at the aneurysm neck, where recanalization or recurrence is most likely to occur. 
Balloon Remodeling
The development of the balloon remodeling method,
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Endovascular procedures for treating wide-necked aneurysms which was first described by Moret, et al., 7 allows a larger portion of the spectrum of aneurysms to be treated using endovascular means. In the treatment of widenecked aneurysms, one of the major risks is the possibility of coil herniation through the broad neck into the parent vessel. This can cause thromboembolic events, which are the most frequent and serious complications associated with endovascular treatment of intracranial aneurysms.
The remodeling procedure consists of inflating a soft balloon in the parent artery along the wide neck of the aneurysm while a coil is positioned and subsequently detached (Fig. 1) . Therefore, the balloon assistance allows for the temporary remodeling of the aneurysm neck during coil delivery. This method can be used for widenecked aneurysms at almost any location. 1 This procedure initially involves placing a microcatheter with a nondetachable balloon in the parent artery across the neck of the aneurysm. An additional microcatheter is positioned in the sac of the aneurysm, with the balloon deflated. This balloon is inflated prior to release of the coil, and then, before detachment of the coil, the balloon is carefully deflated so that the stability of the coil mass can be assessed. This process is repeated with the delivery of each successive coil ( Fig. 1 ). The balloon serves two purposes during embolization; first to stabilize the microcatheter in the aneurysm during coil delivery, and second to force the coil to assume the three-dimensional shape of the aneurysm without impinging on the parent vessel. 6 In addition, the balloon procedure as well as the newer-generation coils allows for increased packing density, which assists in accelerating thrombus formation.
The primary limitation of this method is the inability to access the parent vessel at the level of the aneurysm neck, preventing optimal positioning of the balloon microcatheter. A 10% failure rate of this procedure has been reported in the literature. 7 Aletich, et al., 1 and Moret, et al., 7 who originally described this method in their series of 79 and 53 patients, respectively, both have reported a morbidity and mortality rate between 1 and 5% in patients who were treated with balloon-assisted coil insertion. The most notable risk entailed embolic phenomena.
Intracranial Stent Assistance
The introduction of intracranial stents has contributed significantly to the treatment options for coil occlusion of wide-necked and fusiform aneurysms. Stent-assisted coil embolization prevents protrusion of the device into the parent vessel. In addition, intracranial stents might help to prevent aneurysm recanalization, which can still be observed despite the use of bioactive coils and balloon remodeling techniques.
Initially, the use of coronary stents as an adjunct to coil embolization was considered. These balloon-mounted stents developed for the coronary vessels lack the suppleness necessary to navigate the tortuosities of the intracranial circulation and to reach lesions beyond the carotid siphon. Therefore, these devices could only be used for sidewall aneurysms on parent vessels that were accessible by the stent.
The first stent designed for intracranial use was the Neuroform device (Boston Scientific). This stent is constructed of nitinol (a nickel-titanium alloy that assumes a predetermined shape in appropriate conditions). This flexible material design enables the stent to be navigated within the tortuous intracranial vessels and to span the neck of a branch point effectively, which is where many intracerebral aneurysms occur. 5 The stent-assisted coil delivery procedure consists of the placement of the stent in the parent artery across the aneurysm neck. A microcatheter is then navigated through the stent interstices into the aneurysm sac, and coil embolization is performed (Fig. 2) . In a modified stent delivery procedure, the microcatheter is inserted into the aneurysm sac first, and then the stent is placed across the wide neck of the lesion. This "jails" the microcatheter in the aneurysm, helping to stabilize the device during delivery of the coils (Fig. 3) . The disadvantage with this method is that there is the potential to move or even damage the stent when removing the microcatheter.
At our institution we perform what could be described as balloon remodeling-assisted stent placement. A widenecked aneurysm is occluded with coils by using the balloon remodeling procedure, leaving the final portion of the neck empty. Next, the stent is delivered and the remaining portion of the aneurysm neck is filled with coils. We believe that this adds a degree of safety to the procedure. Another strategy is that described by Howington, et al., 5 consisting of a staged treatment. At the first endovascular session, only the stent is placed and the process of endothelialization (healing of the stent to the vessel wall) is allowed to occur. A second embolization session is later performed to achieve coil occlusion of the aneurysm sac.
The stent serves as a mechanical scaffold for placement of the coils into the aneurysm. Stent placement can allow safe packing of the lesion, preventing herniation of the coils into the parent vessels and allowing for a denser coil mesh. The increased resistance to high flow into the aneurysm dome because of the stent interstices is partly responsible for reduced intraaneurysm flow vortices and increased stasis. 8 An additional advantage may be the reestablishment of laminar flow patterns, which actually may heal the aneurysm at its neck. This advantage may reduce the risk of future coil compaction, which is often observed in wide-necked aneurysms.
Technical problems with stent delivery have been reported in the literature. For example, Fiorella, et al., 3 reported six cases in which difficulties with stent delivery were encountered. Additionally, in two other cases, the same authors reported stent displacement after delivery during microcatheter manipulation. Newer stents have increased radial force and are more easily positioned and deposited. A new generation of the Neuroform stent has additional cross-links, allowing increased radial force, and can also be used for intracranial stenosis. This new selfexpanding stent has an open-cell mesh design, similar to its predecessor. It exerts a lower radial force than the coronary stents used for atherosclerotic disease, and is specifically designed for intracranial structures.
Although intracranial stents represent a significant advance in the endovascular treatment of wide-necked intracranial aneurysms, a disadvantage is that these devices are very thrombogenic. An intravascular stent stimulates platelet aggregation as soon as it is exposed to the patient's blood. It is currently recommended that patients receive dual antiplatelet therapy 3 days before stent placement. Consequently, the ideal aneurysm for stent-assisted coil placement is an unruptured one, and such a lesion is treated effectively after appropriate antiplatelet therapy has been initiated. Although the antiplatelet regimen is contraindicated in patients with an acutely ruptured aneurysm, some options can be considered in a ruptured lesion that might benefit from stent-assisted coil placement. In such cases, an alternative is to perform coil occlusion (usually with the balloon remodeling procedure), and then later to repeat treatment of the residual neck with a stent.
CONCLUSIONS
Wide-necked and geometrically difficult aneurysms continue to be a challenge for both endovascular therapy and open microsurgery. New technology and devices continue to improve our ability to treat complex vascular lesions effectively by using endovascular means. The introduction of intracranial stents and bioactive coils now allows us to treat these lesions safely and effectively by an endovascular route. 
